Introduction
Viral bronchiolitis is the most common cause of lower respiratory tract infection in children younger than age 1 year, accounting for almost 20% of all-cause infant hospitalizations. 1, 2 The burden of disease is most prevalent in the fall and winter months, with peak incidence occurring in children between ages 2 to 6 months. 3, 4 The clinical course of viral bronchiolitis is characterized by an upper respiratory prodrome and subsequent lower respiratory tract symptoms and signs, including cough, wheeze, increased respiratory rate (RR), and increased effort. The incidence of fever in the setting of bronchiolitis has been documented at 23% to 31%. 5 When fever develops, so too does the dilemma of determining whether the fever is a consequence of the viral infection or a superimposed serious bacterial infection (SBI). In bronchiolitis patients, the incidence of concurrent SBI is low (1%-7%), with most being urinary tract infections (1%-5.5%). [5] [6] [7] [8] [9] Although the sequelae of bacterial meningitis are well documented and carry substantial morbidity and mortality rates, the incidence of concurrent meningitis in infants and children with clinical viral bronchiolitis has been reported to be less than 1% to 2%. [5] [6] [7] [8] [9] [10] [11] [12] [13] In the appropriate clinical setting, performance of a lumbar puncture (LP) is necessary to make the diagnosis of meningitis and to ensure appropriate treatment, but this must be weighed against the adverse effects and potential yield of the study. The performance of an LP is anxiety provoking to parents 14 and has been reported to contribute to parental dissatisfaction with the care their infant receives. 15 Moreover, physicians must balance the very small chance of meningitis occurring in viral bronchiolitis against the possible iatrogenic complications, including morbidity of LP, intravenous line placement, and unnecessary use of broad-spectrum antibiotics. We examined clinical factors that may influence a physician's decision to perform an LP in the setting of viral bronchiolitis.
Methods

Study Design and Setting
A retrospective, case-control study of 42 hospitalized infants younger than age 1 year who had International Classification of Diseases, Ninth Revision (ICD-9) codes of bronchiolitis (ICD-9: 466.11 or 466.19) and underwent LP were matched 1:4 with children who had ICD-9 codes of bronchiolitis without LP (168 controls) from January 1, 2001, through December 31, 2011 ( Figure 1 ). The study was conducted at Penn State Children's Hospital, an academic tertiary care children's hospital located in Hershey, PA. The Penn State Milton S Hershey Medical Center's institutional review board approved this study with waiver of informed consent.
Data and Study Definitions
A standardized abstraction form was used to collect the following data from both cohorts of hospitalized patients: age; sex; prematurity; chronic lung disease; insurance type; admitting service (critical care vs general pediatrics); presence or absence of apnea, cyanosis, tachypnea, fever, and meningeal signs; results of urine culture, blood culture, chest radiographs, respiratory syncytial virus (RSV) testing, cerebrospinal fluid culture, and white blood cell count if obtained; and hospital length of stay.
The presence of prematurity and chronic lung disease were noted from the medical history. 
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A urinary tract infection was defined by the presence of more than 50,000 colony-forming units of a single pathogenic organism from a urine culture obtained by transurethral catheterization or more than 1000 colony-forming units obtained by suprapubic aspiration. A bloodstream infection was defined as a known bacterial pathogen from the blood whereas bacterial meningitis was defined as the isolation of a bacterial pathogen from the cerebrospinal fluid. Chest radiographs that were interpreted as having an alveolar infiltrate, air bronchogram, or consolidation were classified as having pneumonia (World Health Organization criteria). 16 Bronchiolitis was classified as RSV if a positive result was obtained from either antigen testing or culture from nasal secretions.
Statistical Analyses
Descriptive statistics were prepared for all variables including frequencies and percentages for categorical variables (eg, sex, apnea) and means, standard deviations, and quartiles for quantitative variables (eg, white blood cell count, length of stay). Age was considered as both a quantitative (age in days) and categorical (< 30, 30-59, 60-179, and > 180 days) variable. Bivariate analyses were conducted to assess the relationship between each variable and LP using χ 2 or Fisher exact tests for categorical variables and logistic regression for quantitative variables. All variables showing a marginal (p < 0.10) or significant (p < 0.05) relationship with LP were included in a multivariable regression model, and backward elimination was used to arrive at a final model, keeping all significant variables. To further examine the effect of age on the findings, cases were matched on age category to controls in a 1:1 ratio using a greedy algorithm. Generalized estimating equations, an extension of logistic regression that takes into account the matching, were used to examine the relationship of LP to the remaining variables. 17, 18 All analyses were conducted using SAS, version 9.2 (SAS Institute Inc, Cary, NC).
Results
None of the patients with acute bronchiolitis had documented meningitis. However, the presence of apnea, cyanosis, meningeal signs, positive urine culture results, and young age were factors associated with the performance of an LP in bronchiolitis ( Table 1) . The presence of a fever and tachypnea were not associated with testing for meningitis. RSV status also did not influence the decision to perform an LP, nor did admission to a critical care service. There was a significant difference in the mean age (44 days) of the LP cohort compared with the mean age of the control group (141 days [p < 0.001]). 
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In addition to the significant quantitative difference in age between the 2 groups, there was a significant difference in the categorical age variable. The number (and percentage) of the 42 infants who underwent lumbar testing at less than age 30 days, 30-59 days, 60-179 days, and 180 days or older were 18 (42.8%), 13 (31.0%), 10 (23.8%), and 1 (2.4%), respectively (p < 0.001). However, the presence of fever combined with age as either a quantitative variable (age in days) or a categorical value (< 30 days, 30-59 days, 60-179 days, and > 180 days) was not associated with performance of an LP (data not shown).
After the multivariable regression model and backward elimination were performed, the only variable that remained significant was age (Table 2) . Similarly, when categorical values of age were used, younger infants were more likely to undergo performance of an LP than were older infants (Table 3) .
When cases were matched on age category to controls and general estimating equations were used to examine the relationship of LP to the remaining variables, there were no significant results.
Case controls were well matched regarding age as there was no significant difference in the age of the 168 controls versus the remaining 777 infants who met control criteria but were not selected for the study. The median length of stay for patients who underwent an LP was 5 days versus 4 days for those who did not undergo the procedure, though this difference was not found to be statistically significant.
Discussion
Although the likelihood of having meningitis in acute bronchiolitis is negligible, infants still undergo LP testing to exclude a serious infection. To our knowledge, no previous studies have examined why hospitalized young infants with bronchiolitis undergo LP to exclude meningitis. A recent study reported that children with influenza were more likely to undergo LP testing than children with other respiratory illnesses, but the percentage of children with RSV was not reported. 19 The only other significant predictor of an LP in this study was age 3 months or younger; there were no cases of meningitis.
Despite its low yield, a common reason for screening for SBI in infants is the presence of fever. A systematic review of 11 studies reporting rates of SBIs in infants younger than 90 days reported a weighted rate of urinary tract infection of 3.3%, with no cases of reported bacteremia in 8 of 11 studies and no reported cases of meningitis at all. 9 As a result, these authors and others have suggested a more selective approach to screening for SBI in young infants with bronchiolitis, 20, 21 particularly if they are RSV-positive. 7, 8 However, there have been at least 2 case reports of infants with RSV bronchiolitis and meningitis. 11, 22 To understand the reasons that physicians elect to perform a procedure for a condition with such an infrequent occurrence, we sought to ascertain whether there were any demographic, clinical, laboratory, or radiologic variables that would be associated with the clinical decision to perform an LP.
Our results suggest the most significant factor associated with performing an LP is young age. The presence of fever in young infants and a positive RSV test result did not influence the decision to perform an LP. Although the study was not designed to determine whether a clinician should perform an LP in hospitalized children with bronchiolitis, it is reassuring that despite a high rate of urinary tract infection and bacteremia no child had documented meningitis.
However, there are several limitations to our study. Even though we used clinical variables that might influence a clinician to perform an LP, the most accurate diagnostic combination is unclear, particularly in this young age group. 23 We also did not assess whether these specific demographic, clinical, and laboratory variables would lead physicians to perform more or fewer LP procedures compared with other screening tools that physicians in academic centers use in the evaluation of young febrile infants, such as the Rochester, NY; 24 Philadelphia, PA; 25, 26 Boston, MA; 27 or Pittsburgh, PA 28 criteria. These screening tools use the presence of fever to determine further evaluation, but there have been reports of infants with meningitis who either do not have a fever or do not appear sick. 20 Another limitation of our study is that we retrospectively analyzed administrative data so we cannot exclude the possibility that cases of bronchiolitis, meningitis, and LP were missed owing to inappropriate coding or incomplete documentation by the physician. These limitations portend further investigation, particularly expanding the case-control study to a multicenter evaluation with other children's hospitals. Given that an infant's initial evaluation often occurs in the Emergency Department, cross-referencing inpatient data with emergency room data can further highlight the clinical factors that determine the performance of an LP in the setting of viral bronchiolitis. 
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Conclusion
Despite these limitations we can conclude that LPs are still performed in hospitalized children with acute bronchiolitis, particularly in young infants, despite an extremely low likelihood of having a positive result, which may lead to a longer hospital length of stay, increased parental anxiety, and unnecessary exposure to broad-spectrum antibiotics. v
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